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SUMMARY

heat-transfer
overa heated
thedirection

andpressure-dropdatafora
flatplatecontainingstrips
of airflow. Thesestripsare

rererredto as “boundary-layerinterrupters”or “turbulencepromoters.”

Theheat-transferratesandstatic-pressuredropsareincreased1. forthissystemoverthatfora flatplatealonebecauseoftheeddies,
turbulence,andfineffectcausedby theinterrupters.Theincreaseof
theheat-transferratesislargewhencomparedatequalweightratesof
air. However,whencomptiedatequalvaluesofpowerconsumedinpumping
theairalongthetestsection,thevaluesoftheunitthermalconduct-
ancearethesameforflowovera flatplatealone,overa flatplate

1 witheither1/8- or3/8-inchinterrupterstrips,orwithwooden‘pinfins.”,

INTRODUCTION
●

Thisreportcontainsadditiotildatawhichmaybe &ed to extend
theknowledgeofbasicheat-transfersystems.Inreferences1 and2
heat-transferandpressure-dropdataarepresentedforairflowingover
flatplatescontaining“pinfins”andforairfloyingthrougha passage
containinga wave-sha~dsurface.

,-

Dataarepresentedhereinfor’thesysteminwhichairispassed
overa heatedflatplateonwhicharemountedstripsofmetalplaced
nonialtothedirectionof airflow(fig.1). Thesestripsarereferred
to as“boundary-layerinterrupters”or “turbulencepromoters.”The

\
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2 NACATN 2517

principalfunctionoftheseinterruptersisto causeeddiesandtur-
bulenceinthefluidas itflowsoveran otherwisesmoothplate,as
showninthefollowingsketch.

—— —— —— ~

Theflatplatecontainingtheinterrupterswasonesideofa
rec@mgulsrductunit.Theother.sidewasmovableinordertowry
theductwidth.TWOheightsofinterrupterswereused(1/8and3/8in.),
mountedatl-inchintervals.

,.

I

Localvaluesoftheunitthermalconductanceas a functionofthe
distancealongtheinterrupterplateareevaluatedandcomparedwith
thevaluesobtainedintheabsenceoftheinterrupters.A similar
comparisonismadeforthemeasuredstatic-pressuredropsandpumping
powerrequired.

It isbelievedthatthedatapresentedinthisreportandin
references1 to 4 maybe usedtoevaluatetheroleofeddiesandtur-
bulenceinincreasingheat-tiansferratesandstatic-pressuredrops.
A designerofheaterunitsforaircraftusemaythereforeestimatemore
accuratelythethermalandhydrodynamicalbehaviorofa givensystem.

ThisworkwasconductedattheUniversityofCaliforniaunderthe
sponsorshipandwiththefinancialassistanceof theNationalAdvisory

~~Co&dtteeforAeronautics.

SYMBOLS‘

.

A heat-transfermea ofplate,squarefeet

f-
=ave”

averageunitthermalconductance,Btu/(hr)(sqft)(%’) ‘
...“

‘%
localunitthemnalconductance,Btu/(hr)(sqft)(Ol?)

G weightrateperunitaveragecross-sectionalarea(area
.

evaluatedinabsence.ofinterrupterstrips),(lb)/(ti)(sqft)
.

—
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heatofvaporizationforwaterat atmosphericpressure
(14.71b/sqin:abs.) and212°F, Btu/(lb)

static-pressuredropacrossplate,(in.ofwater)

heat-transferrate,Btu/(hr)

averagetimerateof stesmcondensationpersectionunder
loadconditions,(lb)/(hr)

averagetimerateof steamcondensationunderno-load
conditions,(lb)/(hr)

surfacetemperatureoftestplate,‘F

weightrateofair,(lb)/(hr)

distancealongtestsectionofheatedplatefromleadingedge,
inches

ductwidth,inches

temperatureofairat entranceof testsection,%

computedlocalmixed-meanairtemperature,OF

DESCRIPTIONOFAI?PARATUS

Thetestequipnentisverynearlythesamestesm-condensing
calorimetricapparatusasthatusedinthepin-fintestsdescribedin
reference1.

●

Tensteam-condensatecollectorswerefastenedtothebackofthe
heatedplateinorderto obtainlocalheat-tiansferrates.To theface
of theplatewereaffixed17 interrupterstrips,atl-inchintervals,
extendingacrosstheentireheightoftheplate.Testsweremadeusing
l/8-inchinterruptersand3/8-inchinterrupters(fig.1).

Static-pressuretapswerelocatedapproxhnatelyI-2inchesupstream
and12 inchesdownstreamfromtheheatedplate.

Thepaneloftheductdppositetheheatedplatewasmademovable
inordertovsxytheductwidth.Theheated’platewasI-2by 1$ inches.

—- . . ..-— --- ----- ---— -— -—— ----———— -——— .- —.- __ ———— -
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Thelocalunitthermal

METHODOFANALYSIS

Heat!Eransfer

conductancef. wasdeterminedasa function
‘x

ofthedistancefromtheleadingedgeof theheatedtestplate x, the
ductwidthyo,and G theweightrateperunitareaof airflowiIIg

throughtheduct.

Theheattransferredfromthecondensingsteamin thesteamchest
totheairflowingthroughthepassagewascalculatedfrom

( ‘R1aJq = +ap ‘av (1)

whereAh istheheatofvaporizationforwateratatmosphericvap
pressureand212°F,Rav istheaveragerateof condensationpersection

under“load”conditions,and R’av istheaveragerateof condensation

pexsectionunder“no-load”conditions.Theterms“load”and“noload”
applytothetestconditionsinwhichairwaspassedandnotpassed,
respectively,overthetestplatewhilecondensationdatawereobtained.

Thetemperaturesoftheairat”theentranceandtheexitofthe
testsectionweremeasured.Thelatter,togetherwiththetemperatures
at intermediatepointsalongthetestsection;was-O c~cflatedfrom.
themeasurementsof condensationrates,airweightrate,andairtemper-
atureattheentrance.

Thelocalunitthermalconductanceisthencalculatedfrom

q= f%A~ - .x)

or

‘c’=- -

where A istheheat-transferareacorrespondingto
heat-transferrate ~ ~ isthetemperatureof the

themeasured
metalsurface

(2)

(3)

r

.

.

.

.)

.
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(assumedtobe at212°F),,and Tx isthecomputedlocalmixed-mean
airtemperature. \

Static-PressureDrop .

Themeasurednonisothermalstatic-pressuredropswerecorrected
to applyto a 1~

-inchfinnedplate.

RESULTSANRDISCUSSION

HeatTransfer’

Thevaluesofthelocalunitthermalconductancefcx arepresented

infigures2 and3 asa functionofthedistancealongtheheated
plate x, theweightrateperunitcross-sectionalarea G, theduct
width yo,andalsotheheightoftheinterrupters.Thevariationof
thelocalunitthermalconductancewithdistancealongtheheatedplate
forthetwointerrupterplatesandtheflatplatealoneis shownin
figure4. Theaverageunitthermslconductanceisplottedinfigure5
as a functionof theweightrateperunitcross-sectionalareaforthe
twointerrupterplates,infigure6 asa functionof theductwidth,and
infigure7 as a functionoftheheightof theinterrupters.

The localunitthermalconductanceisapproximatelyconstantwith
distancealongtheheatedplateexceptalongthefirst3 inchesofthe
plate.Thepronouncedincreaseat a pointabout2 inchesfromthelesiling
edgeappesrsineverytest.Thisincreasealsoappearsfortestsin
whichtheflatplatewasusedalone.Suchan increasewasslsoevident
intwoothersimilarpiecesoftestequipment(references1 and5)which
wereconstructedina differentmanner.No satisfactoryexplanationhas
beenfoundfortheseincreasesof fCx”

As showninfigures4,5, and7,theheat-transferrateovera flat
plateis increasedfrom.50to200percent,dependingonductwidthand
heightofinterrupters,by usinginterrupte~sasturbulencepromoters.
Calculationsshowthatanyaddedheattransferthroughthel/8-inch
interrupterstripsactingasfinsis small.Thustheincreaseofheat-
transferrateby thel/8-inchinterruptersisduemainlytotheadded
turbulence.However,roughcalculationsrevealthatforthe3/8-inch
interruptersupto25percentofthetotalheatrateisdueto theheat
transferredintotheairby thefineffectoftheinterrupters.The

. ..- ——-— . .. —- . ..- ——- ...-——.. .——. ——.- - .——,~— . . . . .
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rateoftheplatewiththe3/8-inchinterrupters
overthatfortheplatewiththel/8-inc3iinterrupters,duetotheadded
orreducedturbulenceandfineffect,isonlyfrom5 to30 percent,
dependingontheductwidth.

PressureDrop

Thenonisothermalstatic-pressuredropacrosstheheatedplateis
plottedinfigure8 againsttheweightrate~r unitareaandinfigure9
againsttheductwidth. ..

Thepressuredropacrossthetestsectionintheabsenceofthe
interruptersisshownforcomparisoninfigure9.

HeatTransferasa FunctionofPowerConsumption

Figure10 showstheaverageunitthermalconductanceplotted
agaimstW@ whichisproportionaltothepowerconsumedasthefluid
flowsacrossthetestsection.Figure10 alsoshowsthatthedata
fortheflatplate,1/8-and3/8-inchinterrupterplatesfallwithin
15percentofa linedrawnthroughthemeanofthedata. Thislinehas
a slopeof0.24.Theanalyticalvalueoftheslopefortheflatplate
iS 0.28. Thisinformationindicatesthata~ ofthesethreesystems
willyieldapprodmatelythessmeunitthermalconductance,andthus
appro~tel.ythesameheatrate,foranyfixedpowerconsumption
throughtheheater.

Mostofthedataforthewooden-pin-finnedplate(basedontheplate
srea,reference1) agreewiththosepresentedinfigure10. However,
thedataforthesteel-pin-finnedplatewouldappearhigherthanthose
otherdatawhenplottedinfigure10becauseoftheusefulextended
surfaceof thefins.Thusifturbulencepromoterssretobe usedina
heaterunit,thetypewhichoffersadditionalheat-transfersurface
shouldbe e&ployed.

CONCLUSIONS

lhmmtheresultsof aninvestigation
icalbehaviorofairflowingalonga flat
promoters,thefollowingconclusionswere

ofthethermalandhydrodynam-
platecontainingturbulence
drawn:

1.Withtheuseoftheso-called“boundary-layerinterrupters”
asturbulencepromoters,theheat-transferratesareincreasedfrom
50to200percentoverthatfora flatplatealone.
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2.Theincreaseofheattransferresultingfromtheuseofthe
3/8-inchinterruptersoverthatfromtheuseofthel/8-inchinterrupters
duetotheadditionalorreducedturbulenceandfineffectwasfrom5
to 30percent.

3. Forthemme valueofpowerconsumed inpupingtheairalongthe
testsection,thevaluesoftheunitthermblconductanceareapproximately
equalforeachofthefollowingsystems:

(a) Flatplate
(b) Flatplate
(c) Flatplate
(d) Flatplate

alone
withl/8-inchinterrupters
with3/8-inchinterrupters
withwoodenpinfins

4.Furtheranalysisanddataarerequiredtodeterminegeneralized
variableswhichmaybe usedtofixtheperformanceofvariouslyspaced
andsizedturbulencepromoters.

DepsrhnentofEngineering
Universi~ofCalifornia

Berkeley,Cslif.,March
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Figure 1.- Schem@ ic diagram of inter~pter plates.



.

10 NACATN 2517
.

.

Figure2.-Variationof localunitthermalconductancewithdistance
alongheatedplateforl/8~inchinterrupterplate.
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Figure2.-Continued.
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Figure2.-Continued.
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Figure2.-Concluded.\
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Figure3.- Variationof localunitthermalconductancewithdistance
alongheatedplatefor3/8-inchinterrupterplate.
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Figure3.- Continued.
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Figure3.- Continued.I
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Figure3j- Concluded.

. . .—. . . . . . . .. .—. . . . ..— -. -+-- .-. —..—— —-—- ..---— ——..--— .-——.- — .



mcAm 2517

1

,

.

Figure4.-Comparisonofheat-transferratesoverinterrupterplates
andflatplate.
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Figure5.- Variationof averageunitthermalconductancewithweight
rateperunitarea.
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Figure5.- Concluded.
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Figure 6.-Variation of average unit thermal conductance with duct width.
(Dotted lines repreeent flat-plate data, reference 1.)
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Figure7.- Variationofaverageunitthermalconductancewithheightof
interrupters.
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Figure8.-Variationofpressuredropacrossinterrupterplatewith
weightrateperunitarea.
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Figure8.- Concluded.
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Figure 9.-Variation of presame drop with duct width. G



Figure lo.- Variation of heat-tran6ferrate with power consumed for flat
plate, l/8-inch interrupterplate, 3/8-inch interrupterplate, and
wooden pin-fin plate at several duct widtha.
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